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^)  Root  canal  sterilization  apparatus. 

©  An  apparatus  and  method  for  sterilizing  a  root 
canal  in  which  the  apparatus  contains  an  light  source 
for  generating  bactericidal  ultraviolet  rays  and  an 
optical  fiber  coupled  to  the  light  source  for  transmit- 
ting  the  ultraviolet  rays  to  and  emitting  the  rays  from 
an  emitting  end  of  the  optical  fiber  placed  in  the  root 
canal.  Also  included  is  a  fiber  protecting  pipe  that 
both  protects  the  fiber  and  allows  the  fiber  to  be 

easily  guided  into  the  root  canal,  a  nexioie  tuDe 
disposed  over  the  emitting  end  of  the  root  canal 
protects  the  exposed  end  of  the  optical  fiber.  Also, 
an  arrangement  of  two  optical  fibers  allows  various 
shaped  fiber  protecting  pipes  to  be  used  and  a  hand 
held  coupling  device  couples  two  optical  fibers. 
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=JOOT  CANAL  STERILIZATION  APPARATUS 

BACKGROUND  OF  THE  INVENTION 

1  .  The  Field  of  the  Art. 

This  invention  relates  to  an  apparatus  for  steril- 
zing  a  root  canal  and  more  specifically  to  a  root 
:anal  sterilization  apparatus  that  uses  bactericidal 
jltra-violet  rays  to  sterilize  bacteria  in  the  root 
;anal. 

2.  Description  of  the  Prior  Art. 

Bacteria  in  the  root  canal  are  important  casual 
agents  for  apical  periodontal  inflammation.  There- 
fore,  for  indodontal  treatment,  it  is  essential  to 
remove  bacteria  from  the  root  canal. 

Previously,  for  removal  of  bacteria  from  the 
root  canal,  the  following  method  has  been  used, 
initially,  the  root  canal  is  spread  with  a  reamer  or 
the  like  while  being  washed.  Then,  for  the  purpose 
of  sterilizing  the  bacteria  remaining  in  the  root 
canal,  a  cotton  plug  impregnated  with  a  sterilizing 
disinfectant,  such  as  form  cresol,  is  inserted  into 
the  root  canal.  Thereafter,  washing  of  the  root  ca- 
nal,  and  replacement  of  the  cotton  plug  are  carried 
out  one  or  two  more  times.  After  this  treatment,  if 
no  clinical  symptom  is  detected  and  no  abnormal 
clinical  condition  is  observed  inside  the  root  canal, 
the  final  treatment  of  root  canal  filling  is  carried  out. 

However,  the  above-described  method  takes  a 
relatively  long  time,  one  or  two  weeks,  for  steriliza- 
tion,  thus  making  the  patient  uncomfortable. 

Furthermore,  using  this  sterilization  method,  a 
high  probability  exists  that  after  the  root  canal  is 
filled,  the  inflammation  will  reoccur.  This  is  because 
conventional  chemical  sterilization  cannot  com- 
pletely  sterilize  the  bacteria  in  the  root  canal  and 
some  bacteria  still  remain. 

This  difficulty  may  be  eliminated  by  using  a 
more  effective  germicide  or  by  employing  a  meth- 
od  in  which  the  root  canal  filling  is  carried  out  with 
a  sterilizing  disinfectant.  However,  these  methods 
are  undesirable  because  of  the  adverse  effect  of 
those  chemicals  when  administered  directly  on  the 
cells. 

It  is  also  well  known  that  bactericidal  ultraviolet 
rays  (light  200  to  300  nm  in  wavelength)  can  steril- 
ize  bacteria.  Use  of  the  bacteriocidal  ultraviolet 
rays  is  advantageous  in  that  it  will  cause  no  danger 
of  residual  medicines. 

However,  the  light  source  for  generating  such 

bacteriocidal  ultraviolet  rays  is  a  bar-shaped  lamp 
with  an  outside  diameter  of  at  least  10  mm  and  a 
length  of  50  mm.  With  this  size,  it  is  impossible  to 
insert  it  into  the  root  canal  spread  (which  has  an 

5  inside  diameter  of  about  1  to  1  .5  mm).  Also,  a  light 
source  of  this  type  usually  incorporates  mercury. 
Because  of  the  toxicity  of  mercury,  it  is  undesirable 
to  insert  it  into  the  buccal  cavity. 

Therefore,  bacteriocidal  ultraviolet  rays  have 
w  not  been  used  to  sterilize  bacteria  in  the  root  canal. 

SUMMARY  OF  THE  INVENTION 

75 
It  is  an  object  of  the  present  invention  to  pro- 

vide  an  apparatus  that  uses  bactericidal  ultraviolet 
rays  to  sterilize  bacteria  in  the  root  canal. 

It  is  another  object  of  the  present  invention  to 
20  provide  an  apparatus  having  that  can  be  used  for 

root  canais  that  are  located  in  various  positions. 
It  is  a  further  object  of  the  present  invention  to 

provide  an  apparatus  that  can  sterilize  root  canals 
and  not  damage  easily. 

25  In  order  to  attain  the  above  recited  objects  of 
the  invention,  among  others,  one  embodiment  of 
the  present  invention  contains  a  light  generating 
means  that  generates  bactericidal  ultraviolet  rays 
that  is  connected  to  a  light  guide  at  one  end.  The 

30  other  end  of  the  light  guide  is  coupled  to  a  light 
emitting  means  with  a  hand  piece  that  also  allows 
easily  handling  of  the  light  emitting  means. 

The  emitting  means  contains  an  optical  fiber 
over  which  is  disposed  a  fiber  protecting  pipe.  The 

35  fiber  protecting  pipe  can  be  bent  at  different  angles 
and  functions  as  a  guiding  means.  At  the  end 
perimeter  of  the  emitting  means,  the  optical  fiber  is 
connected  to  a  flexible  tube  that  serves  as  a  cover- 
ing  means  to  protect  the  optical  fiber  from  being 

40  damaged. 
In  another  embodiment,  the  light  guide  and  the 

emitting  means  use  the  same  optical  fiber  and  the 
hand  piece  then  does  not  serve  the  coupling  func- 
tion. 

45 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

so  These  and  other  advantages  of  the  present 
invention  may  be  appreciated  from  studying  the 
following  detailed  description  of  the  preferred  em- 
bodiment  together  with  the  drawings  in  which: 
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FIGURE  1  is  a  perspective  view  showing  the 
preferred  embodiment  of  a  root  canal  sterilizing 
apparatus  according  to  the  present  invention; 

FIGURE  2  is  an  enlarged  sectional  view  of  a 
hand  piece  for  the  apparatus  shown  in  FIGURE  1; 

FIGURE  3  is  a  graph  showing  transmittance 
as  a  function  of  wavelength  for  a  light  guide  in  the 
apparatus  shown  in  FIGURE  1  ; 

FIGURE  4  is  a  diagram  showing  sterilization 
of  the  root  canal  with  the  present  invention; 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

Figure  1  illustrates  a  root  canal  sterilizing  ap- 
paratus  according  to  the  preferred  embodiment  of 
the  invention.  Illustrated  are  a  bactericidal  ultra- 
violet  ray  generating  means  1,  a  light  guide  2,  a 
hand  piece  3,  and  a  light  emitting  means  4. 

The  ultraviolet  ray  generating  means  1  includes 
an  ultraviolet  ray  generating  section  made  up  of  a 
point  Hght  source  that  emits  light  in  a  wavelength 
range  of  from  200  to  300  nm  to  light  guide  2  with 
high  efficiency  using  a  reflecting  condenser  mirror 
and  a  condenser  lens  in  combination.  The  point 
light  source  may  be  a  high  pressure  mercury  lamp, 
a  mercury  xenon  lamp,  an  extra-high  pressure  mer- 
cury  lamp,  a  microwave  discharge  lamp  an  excimer 
laser  emitting  a  light  beam  of,  for  instance,  249  nm 
in  wavelength,  or  other  means  for  producing  light  of 
this  wavelength.  The  intensity  and  wavelength  of 
the  emitted  light  is  controlled  by  a  separate  control 
section  disposed  within  ultraviolet  ray  generating 
means  I.  Figure  1  also  illustrates  power  switch  22, 
which  turns  the  whole  apparatus  on  or  off. 

Light  guide  2  is  an  optical  fiber  that  gives 
needed  flexibility.  As  shown  in  Figure  2,  light  guide 
2  is  inserted  into  a  flexible  metal  tube  9  to  prevent 
damage  from  excessively  large  external  pressure. 

In  order  to  minimize  less  of  the  bactericidal 
ultraviolet  ray  as  they  pass  through  light  guide  2,  a 
pure  quartz  core  fiber  (such  as  a  series  of  large 
diameter  fibers  MS  manufactured  by  Sumitomo 
Denki  Kogyo  Co.,  Ltd.)  should  be  used. 

Figure  3  is  a  graph  showing  the  transmittance 
as  a  function  of  wavelength  per  meter  of  a  pure 
quartz  core  fiber  and  a  general  germanium  doped 
quartz  core  fiber  in  which  the  horizontal  axis  repre- 
sents  wavelength  and  the  vertical  axis  transmit- 
tance.  The  pure  quartz  core  fiber's  characteristics 
are  indicated  by  the  solid  line,  and  the  germanium 
doped  quartz  core  fiber's  characteristics  by  the 
broke  line.  As  apparent  from  Figure  3,  with  respect 
to  the  light  0.2  to  0.3  urn  in  wavelength,  which  is  in 
the  range  of  wavelengths  of  bactericidal  ultraviolet 

rays,  loss  is  much  smaller  with  the  pure  quartz 
core  fiber  than  the  germanium  doped  quartz  core 
fiber. 

As  shown  in  Figure  1,  the  hand  piece  3  is 
5  connected  to  one  end  of  light  guide  2,  and  contains 

a  light  emitting  means  4  at  its  opposite  end.  The 
operator  holds  the  hand  piece  3  to  control  the 
areas  of  the  root  canal  needing  sterilization,  an 
operation  that  will  be  described  in  detail  later. 

w  Figure  3  illustrates  hand  piece  3  and  light  emit- 
ting  means  4  in  one  embodiment  in  which  hand 
piece  3  acts  as  a  coupling  means  between  light 
guide  two  and  light  emitting  means  4.  Light  emit- 
ting  means  4  is  detachably  connected  to  the  hand 

75  piece  body  12  and  includes  an  optical  fiber  11 
having  a  pure  quartz  core  that  is  covered  with  a 
stainless  steel  fiber  protecting  pipe  18  that  serves 
as  a  guiding  means.  Holder  14  slidably  holds  light 
emitting  means  4  to  hand  piece  body  12.  The  front 

20  end  portion  of  the  fiber  protecting  pipe  18  is  bent 
at  about  45°  ,  and  optical  fiber  1  1  ends  at  a  similar 
angle. 

The  bending  angle  of  6  of  fiber  protecting  pipe 
18  should  be  set  to  a  value  for  easier  insertion  into 

25  a  tooth  to  be  sterilized.  This  will  depend  on  the 
position  of  the  tooth.  In  general,  the  bending  angle 
is  set  to  0°  for  upper  jaw  anterior  teeth  and  is  set 
to  about  45°  when  used  for  other  teeth.  If  a  plural- 
ity  of  light  emitting  means  4,  different  in  the  bend- 

30  ing  angle  6,  are  prepared  and  selectively  used, 
depending  on  the  teeth  to  be  sterilized,  the  root 
canal  sterilizing  apparatus  can  be  more  effectively 
utilized. 

The  front  end  portion  of  optical  fiber  11  pro- 
35  trudes  about  20  mm  from  fiber  protecting  pipe  18, 

but  is  covered  with  a  metal  or  plastic  tube  19  that 
serves  as  a  covering  means,  which  is  flexible  to 
some  extent,  so  that  optical  fiber  1  1  is  not  damag- 
ed  during  use.  The  outside  diameter  of  tube  19  is  1 

40  mm  or  less.  The  configuration  of  the  front  end 
portion  of  the  light  emitting  means  4  is  based  on 
the  fact  that,  in  general,  the  root  canal  spread  has 
an  inside  diameter  of  1  to  1  .5  mm  and  a  depth  of 
less  than  20  mm. 

45  Fiber  sleeves  16  holds  the  rear  end  of  the 
optical  fiber  1  1  and  is  connected  to  the  rear  end  of 
fiber  protecting  pipe  18  so  that  the  rear  end  face  of 
fiber  sleeve  16  is  flush  with  a  rear  end  face  of  a 
fiber  sleeve  13  that  holds  an  end  optical  fiber  11.  A 

50  compression  spring  20  is  interposed  between  fiber 
sleeve  16  and  holder  14  to  hold  fiber  sleeve  16 
flush  with  fiber  sleeve  13.  Therefore,  when  light 
emitting  means  4  is  engaged  with  hand  piece  body 
12  as  shown  in  Figure  2,  the  rear  end  face  of 

55  optical  fiber  1  1  firmly  abuts  a  front  end  face  of  the 
optical  fiber  of  light  guide  2. 

Light  emitting  means  4  and  hand  piece  body 
12  are  joined  together  with  a  C-ring  15  on  holder 

3 
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1  4.,  which  is  fitted  in  a  groove  formed  in  the  inner 
wail  of  hand  piece  body  12.  When  holder  14, 
sngaged  with  hand  piece  body  12  as  shown  in 
rigure  2,  is  pulled  in  the  direction  of  the  arrow  A, 
3-ring  15  is  flexed,  thus  disengaging  from  the 
groove  formed  in  the  inner  wall  of  the  hand  piece 
30dy  12.  As  a  result,  light  emitting  means  4  dis- 
sngages  from  the  hand  piece  body  12.  Fiber 
sleeve  16  and  fiber  protecting  pipe  18  secured  to 
:he  fiber  sleeve  16  are  pushed  inward  as  one  unit 
Dy  the  elastic  force  of  the  compression  spring  20 
during  disengagement  until  a  stopper  17,  fixedly 
-nounted  on  fiber  protecting  pipe  18,  strikes  against 
the  bottom  of  a  recess  formed  in  the  holder  14. 

It  is  also  possible  to  make  optical  fiber  1  1  and 
the  optical  fiber  of  light  guide  2  from  a  single 
optical  fiber.  The  advantage  of  this  construction  is 
that  losses  will  be  further  reduced.  In  this  case, 
hand  piece  3  does  not  serve  the  coupling  function 
of  optical  fibers  in  light  guide  2  and  light  emitting 
means  4.  However,  the  insertion  of  light  emitting 
means  4  having  a  separate  optical  fiber  and  having 
different  angled  fiber  protecting  pipes  18  that  can 
be  attached  to  hand  piece  3  is  then  more  difficult. 

Figure  2  also  illustrates  that  hand  piece  body 
1  2  is  provided  with  a  switch  5  for  turning  on  and  off 
bactericidal  ultraviolet  ray  generating  means  1. 
Switch  5  is  connected  through  an  electrical  signal 
wire  8  to  the  control  section  of  bactericidal  ul- 
traviolet  ray  generating  means  1.  A  timer  circuit  is 
buiit  in  the  control  section  so  that  when  switch  5  is 
operated  ultraviolet  rays  are  produced  for  a  period 
of  time  preset  by  radiation  time  setting  knob  21, 
located  on  bactericidal  ultraviolet  ray  generating 
means  1  as  shown  in  Figure  1  .  The  ultraviolet  rays 
thus  produced  travel  through  light  guide  2,  hand 
piece  3,  and  emerge  from  the  end  of  light  emitting 
means  4. 

Hand  piece  body  12  also  contains  an  indication 
lamp  6,  which  turns  rays.  Therefore,  after  turning 
on  switches,  with  the  end  of  the  light  emitting 
means  4  already  set  at  a  desired  position  in  the 
root  canal,  the  operator  can  confirm  the  end  of  the 
radiation  period  because  indication  lamp  6  will  turn 
off.  When  the  switch  5  is  turned  off,  even  during  a 
radiation  period  radiation  is  suspended  although 
the  timer  circuit  is  in  operation. 

Figure  4  is  a  sectional  view  showing  the  end 
portion  of  light  emitting  means  4  inserted  into  root 
canal  23,  which  has  been  spread.  The  bactericidal 
ultraviolet  rays  emerging  from  the  end  of  light 
emitting  means  4  are  applied  deep  in  root  canal 
23,  thus  sterilizing  the  inside  of  the  root  canal. 

The  following  experiment  performed  by  the  in- 
ventors  illustrates  the  utility  of  the  above  described 
invention. 

A  2  m  pure  quartz  core  fiber,  0.4  mm  in  core 
diameter  (the  large  diameter  fiber  MS-04  manufac- 

tured  by  Sumitomo  Denki  Kogyo  Co.  Ltd.)  was 
used  as  light  guide  2  and  optical  fiber  1  1  .  One  end 
portion,  20  mm  in  length,  of  the  pure  quartz  core 
fiber  was  inserted  into  a  flexible  stainless  steel  tube 

5  having  an  outside  diameter  of  0.7  mm  and  about  a 
0.1  mm  wall  thickness,  to  form  lite  emitting  means 
4.  The  other  end  of  the  light  emitting  means  4  was 
coupled  to  a  bactericidal  ultraviolet  ray  generating 
light  source,  which  was  a  100  W  mercury  xenon 

w  lamp  with  a  reflecting  condenser  mirror. 
In  order  to  determine  whether  flexible  tube  19 

could  be  smoothly  inserted  into  the  root  canal,  it 
was  inserted  into  a  model  of  the  spread  root  canal 
As  a  result,  it  was  found  that  the  flexible  tube  19 

75  could  be  inserted  smoothly  into  the  model,  even  if 
it  was  a  curved  root  canal  because  the  reinforcing 
stainless  steel  tube  had  a  small  wall  thickness  and 
was  flexible. 

To  detect  sterilization  efficiency,  the  intensity 
20  of  the  emergent  light  was  measured.  In  the  mea- 

surement,  the  intensity  of  light  200  to  300  nm  in 
wavelength  was  measured.  The  intensity  of  bacteri- 
cidal  ultraviolet  rays  emerging  from  the  end  of  the 
light-emergent  member  was  20  mW/cm2  at  5  mm 

25  from  the  light-emergent  end.  Bacteria  sterilized  in 
root  canals  are  generally  concatenate  cacci  and 
botryoid  cacci,  and  sterilization  of  these  bacteria 
require  radiation  with  bactericidal  ultraviolet  rays  of 
about  10mw  sec/cm2.  Therefore,  the  obtained  inten- 

30  sity  was  sufficient  for  sterilization  in  a  short  time. 
To  confirm  this,  0.1  m  of  botryoid  cacci,  which 

had  107/m  living  bacteria  was  placed  5  mm  from 
the  end  of  the  light  guide,  and  the  bactericidal 
ultraviolet  rays  was  applied.  All  the  botryoid  cacci 

35  were  sterilized  in  about  sixty  seconds. 
While  the  invention  has  been  described  in  con- 

nection  with  what  is  presently  considered  to  be  the 
most  practical  and  preferred  embodiments,  it  is 
understood  that  the  invention  is  not  limited  to  the 

40  disclosed  embodiment,  but,  on  the  contrary,  is  in- 
tended  to  cover  various  modifications  and  equiv- 
alent  arrangements  included  within  the  spirit  and 
scope  of  the  appended  claims. 

45 
Claims 

1.  An  apparatus  for  sterilizing  a  spread  root 
canal  using  bactericidal  ultraviolet  rays  produced 

so  from  a  light  source  to  kill  bacteria  comprising: 
means  coupled  to  said  light  source  for  transmitting 
said  rays  from  said  light  source  to  an  emitting  end 
of  said  transmitting  means;  and 
means  attached  to  said  emitting  end  of  said  trans- 

55  mitting  means  for  guiding  said  emitting  end  into 
said  spread  root  canal  so  emitted  rays  sterilize  said 
root  canal. 

4 
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2.  An  apparatus  according  to  claim  1  wherein 
said  transmitting  means  includes  an  optica!  fiber. 

3.  An  apparatus  according  to  claim  2  wherein 
said  optical  fiber  is  a  pure  quartz  optical  fiber. 

4.  An  apparatus  according  to  claim  2  wherein 
said  emitting  end  of  said  transmitting  means  is  an 
end  of  said  optical  fiber  and  said  guiding  means 
includes  a  fiber  protecting  pipe  disposed  over  a 
portion  of  an  outer  perimeter  of  said  transmitting 
means  that  is  adjacent  to  said  emitting  end. 

5.  An  apparatus  according  to  claim  2  wherein 
said  emitting  end  of  said  transmitting  means  is  an 
end  of  said  optical  fiber  and  further  includes  means 
for  covering  said  emitting  end  except  at  an  end 
face  of  said  optical  fiber. 

6.  An  apparatus  according  to  claim  5  wherein 
said  covering  means  is  a  tube  that  has  a  diameter 
less  than  or  equal  to  1  .0  mm. 

1.  An  apparatus  according  to  claim  6  wherein 
said  tube  is  made  of  plastic  or  metal. 

8.  An  apparatus  according  to  claim  1  further 
including  a  hand  piece  disposed  over  said  transmit- 
ting  means  to  allow  said  transmitting  means  to  be 
easily  held. 

9.  An  apparatus  for  sterilizing  a  spread  root 
canal  using  bactericidal  ultraviolet  rays  produced 
from  a  light  source  to  kill  bacteria  comprising: 
means  coupled  at  one  end  to  said  light  source  for 
transmitting  said  rays  from  said  light  source  to  a 
distal  ena  of  said  transmitting  means; 
means  for  emitting  said  rays  into  said  spread  root 
canal  to  sterilize  said  root  canal; 
means  attached  to  said  transmitting  means  and 
said  emitting  means  for  coupling  said  distal  end  of 
said  transmitting  means  and  said  emitting  means, 
said  coupling  means  being  hand  holdable. 

10.  An  apparatus  according  to  claim  9  wherein 
said  transmitting  means  and  said  emitting  means 
each  include  an  optical  fiber. 

"11.  An  apparatus  according  to  claim  10 
wherein  said  optical  fibers  are  pure  quartz  optical 
fibers. 

12.  An  apparatus  according  to  claim  10  further 
including  means  for  guiding  said  emitting  means, 
said  guiding  means  including: 
a  fiber  protecting  pipe  that  covers  said  optical  fiber 
of  said  emitting  means  except  around  a  ray  emit- 
ting  end  of  said  optical  fiber  of  said  emitting 
means:  and 
a  flexible  tube  connected  to  an  end  of  said  fiber 
protecting  pipe  that  covers  said  ray  emitting  end  of 
said  optical  fiber  of  said  emitting  means  except  at 
an  end  face. 

13.  An  apparatus  according  to  claim  12 
wherein  said  fiber  protecting  pipe  contains  a  bent 
portion  having  a  45°  angle. 

14.  An  apparatus  according  to  claim  12 
wherein  said  flexible  tube  is  made  of  composite  of 
metal  and  plastic  and  said  fiber  protecting  pipe  is 
made  of  stainless  steel. 

5  15.  An  apparatus  according  to  claim  10 
wherein  said  coupling  means  includes: 
a  hand  piece  having  a  through  hole; 
a  first  fiber  sleeve  disposed  in  said  through  hole  for 
holding  said  distal  end  of  said  transmitting  means; 

w  a  second  fiber  sleeve  attached  to  a  proximal  end  of 
said  emitting  means; 
means  for  holding  said  emitting  means,  said  hold- 
ing  means  detachably  connected  to  said  hand 
piece;  and 

15  a  compression  spring  disposed  between  said  hold- 
ing  means  and  said  first  fiber  sleeve  that  causes 
effective  coupling  between  said  transmitting  means 
and  said  emitting  means. 

16.  An  apparatus  for  sterilizing  a  spread  root 
20  canal  by  killing  bacteria  comprising: 

means  for  generating  bactericidal  ultraviolet  rays; 
and 
means  coupled  to  said  generating  means  for  trans- 
mitting  said  rays  to  and  out  of  an  emitting  end  of 

25  said  transmitting  means  to  kill  said  bacteria. 
17.  An  apparatus  according  to  claim  16 

wherein  said  transmitting  means  includes  a  single 
pure  quartz  optical  fiber. 

18.  An  apparatus  according  to  claim  16 
30  wherein  said  transmitting  means  includes  a  trans- 

mitting  optical  fiber  coupled  to  an  emitting  optical 
fiber,  said  emitting  optical  fiber  possessing  said 
emitting  end  of  said  transmitting  means. 

19.  An  apparatus  according  to  claim  18 
35  wherein  said  transmitting  optical  fiber  and  said 

emitting  optical  fiber  are  made  of  pure  quartz. 
20.  An  apparatus  according  to  claim  18  further 

including  means  for  coupling  said  transmitting  op- 
tical  fiber  and  said  emitting  optical  fiber,  said  cou- 

40  pling  means  including: 
a  hand  piece  having  a  through  hole; 
a  first  fiber  sleeve  disposed  in  said  through  hole  for 
holding  a  distal  end  of  said  transmitting  optical 
fiber; 

45  a  second  fiber  sleeve  attached  to  a  proximal  end  of 
said  emitting  optical  fiber; 
means  for  holding  said  emitting  optical  fiber,  said 
holding  means  detachably  connected  to  said  hand 
piece;  and 

so  a  compression  spring  disposed  between  said  hold- 
ing  means  and  said  first  fiber  sleeve  that  causes 
effective  coupling  between  said  transmitting  optical 
fiber  and  said  emitting  optical  fiber. 

21  .  An  apparatus  according  to  claim  20  further 
55  including  means  attached  to  said  emitting  optical 

fiber  of  said  transmitting  means  for  guiding  said 
emitting  optical  fiber  into  said  spread  root  canal  so 
emitted  rays  sterilize  said  root  canal. 

5 
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22.  An  apparatus  according  to  claim  21 
vherein  said  guiding  -means  is  a  fiber  protecting 
>ipe  made  of  stainless  steel. 

23.  An  apparatus  according  to  claim  21  further 
ncluding  a  plastic  flexible  tube  for  covering  said  5 
imitting  end  of  said  transmitting  means  except  at 
in  end  face  of  said  emitting  end. 

24.  A  method  for  sterilizing  a  root  canal  from 
jacteria  comprising  the  steps  of: 
spreading  said  root  canal;  ?o 
guiding  a  distal  end  of  an  optical  fiber  into  said 
spread  root  canal;  and 
adiating  said  root  canal  with  bactericidal  ultraviolet 
ays  that  are  generated  by  a  light  source,  transmit- 
ed  through  said  optical  fiber,  and  emitted  from  an  75 
smitting  end  of  said  optical  fiber  to  destroy  said 
Dacteria. 
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